Environmental engineering by Desha, Cheryl & Hargroves, Karlson (Charlie)
A N  O V E R V I E W  O F  E N G I N E E R I N G
131
Manufacturing end-use properties: product design and 3. 
engineering. 
Application of multi-scale and multi-disciplinary compu-4. 
tational modeling: for example from the molecular-scale, 
to the overall complex production scale, to the entire pro-
duction site, and involving process control and safety.
With these changes in mind, modern chemical engineering can 
be seen as a tool for driving sustainable social and  economic 
development in the contexts of ‘ society and market demands 
versus technology off ers’ and the concept of transforming 
molecules into money.
Clearly, the chemical industries are confronted with a great 
number of challenges, all within a framework of globalization, 
competition and sustainability. To satisfy these consumer 
needs and market trends, chemical and process engineers 
must develop innovative technologies and take a multi-disci-
plinary, multi-scale and integrated approach. Moreover, they 
can use this approach to respond to increasing environmental, 
societal and economic requirements, and to smooth the tran-
sition towards sustainability whatever their particular industry 
may be. 
 Chemical engineering today drives  economic development 
and is fundamental to wealth creation in the framework of 
globalization and sustainability. Engineers must constantly 
adapt to new trends, and the  education of the next genera-
tion of students must arm them with the tools needed for the 
world as it will be, and not only as it is today, as well as prepare 
them for the technology-driven world of the future.
 4.2.5 Environmental engineering
Cheryl Desha and Charlie Hargroves
Since the start of the Industrial Revolution engineers have 
made signifi cant advances in delivering a range of crucial solu-
tions and services to the world’s growing communities. How-
ever, until the latter part of the twentieth century, engineers 
gave little consideration to broader environmental impacts, 
in part due to a lack of scientifi c understanding of the world’s 
natural systems and their limited resilience. As scientifi c knowl-
edge increased, the fi eld of environmental science emerged 
and expertise developed around better understanding of the 
impacts of development on the environment. Eff orts were 
made to incorporate key components of this new knowledge 
across the engineering disciplines. However, the most visible 
action was in developing a new discipline to focus on the inter-
face of engineering and environmental issues, in the form of 
‘environmental engineering’. 
As knowledge about the extent and complexity of the environ-
mental challenge has grown, it has become clear that expertise 
developed as part of the environmental engineering discipline 
over the last two decades will be increasingly important. How-
ever, the challenge is far too great, and the time to respond too 
short to expect environmental engineers to take care of all the 
environmental issues for the entire profession; environmental 
engineering is not a substitute for sustainable engineering. Rather, 
critical knowledge and skills in environmental science, previously 
only taught in environmental engineering, must be quickly and 
eff ectively integrated across all engineering disciplines. Mean-
while, the environmental engineering discipline itself must con-
tinue to evolve as an advanced and specialist fi eld, for example 
in such areas as modeling, monitoring, impact assessment, pollu-
tion control, evaluation and collaborative design.
Over the past several decades, environmental engineering has 
emerged as a distinct engineering discipline around the world. Tak-
ing just a few examples from the United States:
Th e Accreditation Board for Engineering and Technology (ABET)  ■
now accredits more than fi fty environmental engineering pro-
grammes. 
  ■ Environmental engineering has become a recognized specializa-
tion on professional engineering licensing exams.a
As of May 2005, the US Bureau of Labor Statistics ■
(BLS)b  counted over 50,000 environmental engineers.
A wider estimate shows that this may be as high as 100,000.c  
As a profession, environmental engineering is now larger than  ■
biomedical, materials and chemical engineering (which in 2002 
had 8,000, 33,000 and 25,000 members, respectively) and trends 
show that it is growing more quickly.
Th e predicted 30 per cent growth in the number of environmen- ■
tal engineers to 65,000 by 2012 will account for 5 per cent of all 
engineering jobs created over the decade ending in 2012. For 
comparison, 11 per cent will be in civil engineering, 14 per cent 
in mechanical engineering, 1 per cent in biomedical engineering, 
2 per cent in chemical engineering, and 4 per cent in aerospace 
engineering.d
a Final Report of the Joint Task Force for the Establishment of a Professional Soci-
ety for Environmental Engineers of the American Academy of Environmental 
Engineers (AAEE) and the Association of Environmental Engineering and Sci-
ence Professors (AEESP), September 2006.
b United States Bureau of Labor Statistics website: http://www.bls.gov/oco/
ocos027.htm
c Th is higher estimate is based on the fact is that 34.5 per cent of the members of 
the American Society of Civil Engineers (ASCE) now classify themselves as envi-
ronmental engineers and, depending on who counts them, there are 228,000 
to 330,000 civil engineers in the U.S. (based on 2002 U.S. government estimate 
and 2000 U.S. National Science Foundation estimate, respectively).
d S. Jones et al. 2005. An Initial Eff ort to Count Environmental Engineers in the 
USA. Environmental Engineering Science, Vol. 22, No. 6, pp. 772–787.
Th e emergence of environmental engineering
as a distinct discipline in the USA
James R. Mihelcic
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‘Our discipline has at times struggled to understand its place 
– environmental engineering must move on from simply 
being a practice area that cleans up the output of other engi-
neering disciplines. It must embrace a deeper understanding 
of the systems of the earth and the interaction of those sys-
tems with the manufactured or built form. Only then can it 
build a respected body of knowledge and become a practice 
area truly independent of other engineering disciplines.’3 
Adjunct Professor David Hood, the Institution of Engineers  Australia’s College of 
Environmental Engineers, 2009 Chairman.
With this in mind, as the  education sector mobilizes to prepare 
all engineering graduates for sustainable engineering, environ-
mental engineering can play a key role in the transition and 
thereafter. As one of the newer disciplines, it will be increas-
ingly called upon to assist all other engineering disciplines to 
understand how to deliver sustainable engineering solutions.
 4.2.6 Agricultural engineering
Irenilza de Alencar Nääs and 
Takaaki Maekawa
Agriculture has a very long history. Evidence of agricultural 
engineering can be found in ancient civilizations with tools 
and technologies such as ploughs, grain storage and irrigation. 
Modern agricultural engineering, as we know it today, began 
to grow after the 1930s. At the time, it played only a marginal 
role in  Europe though with variations from country to country. 
Various machines had been developed and improved for agri-
cultural use in the course of the proceeding century – feeding 
the growth of urban populations. However, despite the impor-
tance of agricultural engineering for this primary sector, devel-
opment of the profession was still slow and limited in scope. 
Th e design of agricultural machines and buildings was based 
on skills and accumulated experience rather than coordinated 
scientifi c  research. Th e same applies to post-harvesting tech-
nologies and greenhouses as well as ergonomics, safety and 
labour organization. Environmental protection and sustain-
able landuse did not become subjects of scientifi c  research 
until much later.
To address these issues and to foster  international coopera-
tion of researchers and combine cooperation with a concern 
for improved working conditions in farming and rural activi-
ties, the International Commission of Agricultural Engineering 
(CIGR) was founded in 1930.4  Th e technical problems in the 
3 Hood, D. Personal communication with the authors, 16 February 2009.
4 CIGR was founded in 1930 at Liège in Belgium at the fi rst International Congress of 
Agricultural Engineering. It is a worldwide network involving regional and multina-
tional associations, societies, corporations and individuals working in science and 
technology and contributing to the diff erent fi elds of agricultural engineering. It sup-
ports numerous free activities carried out by management and individual specialist 
realm of agricultural engineering were few and relatively sim-
ple, and  research was focus on agricultural tools. Over time, 
farm machinery, adapted mechanics, machine testing and 
groups, agricultural societies and union bodies in each country. CIGR is allied with 
international bodies such as the Food and Agriculture Organization (FAO), the Inter-
national Organization for Standardization (ISO) and the United Nations Industrial 
Development Organization (UNIDO).
 For more information, go to: http:// www.cigr.org.
CIGR technical sections
Section 1. Land and water engineering: engineering applied to the 
science of soil and water management.
Section 2. Farm buildings, equipment, structures and environment: 
optimization and design of animals, crops and horticultural build-
ings and related equipment, climate control and environmental 
protection, farm planning and waste management.
Section 3. Equipment engineering for plants: farm machinery and 
mechanization, forestry mechanization, sensing and artifi cial intel-
ligence, modeling and information systems and the application of 
advanced physics.
Section 4. Rural electricity and other  energy sources: application of 
electricity and electro technology to agriculture, the rationalization 
of  energy consumption, use of  renewable  energy sources and related 
technologies, and automation and control systems.
Section 5. Management, ergonomics and systems engineering: farm 
management, working methods and systems, labour and work plan-
ning, optimization, human health, ergonomics and safety of work-
ers, rural sociology and systems engineering.
Section 6. Post-harvest technology and process engineering: physi-
cal properties of raw (food and non-food) materials, quality of fi nal 
products, processing technologies, and processing management 
and engineering.
Section 7. Information systems: the mission of this section is to 
advance the use of information and communication systems in 
agriculture.
CIGR Working Groups
Earth Observation for Land and Water Engineering Working 1. 
Group.
Animal Housing in Hot Climates Working Group.2. 
Rural Development and the Preservation of Cultural Heritages 3. 
Working Group.
Cattle Housing Working Group.4. 
Water Management & Information Systems Working Group .5. 
Agricultural Engineering University Curricula Harmonization 6. 
Working Group. 
Image Analyses for Advanced Grading and Monitoring in Agri-7. 
cultural Processes.
Rural Landscape Protection and Valorization.8. 
Th e International Commission of Agricultural 
Engineering (Commission Internationale du Génie 
Rural - CIGR)
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